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Perfusion Imaging in Patients After
Coronary Artery Bypass Graft Surgery
Christoph Klein, MD,* Eike Nagel, MD,† Rolf Gebker, MD,* Sebastian Kelle, MD,*
Bernhard Schnackenburg, PHD,‡ Kristof Graf, MD,* Stefan Dreysse, MD,* Eckart Fleck, MD*
Berlin and Hamburg, Germany; and London, United Kingdom
O B J E C T I V E S The aim of the study was to evaluate the feasibility and diagnostic performance of
the combination of adenosine stress perfusion and late gadolinium enhancement (LGE) in patients after
coronary artery bypass graft surgery (CABG).
B A C KG ROUND Cardiac magnetic resonance (CMR) imaging allows the detection of signiﬁcant
coronary artery disease by adenosine stress perfusion and infarct imaging. Myocardial contrast kinetics
may be altered in patients after CABG owing to more complex myocardial perfusion and different
distances of the contrast bolus through different bypasses and native coronary vessels. Additionally, all
studies have excluded patients after CABG.
METHOD S In all, 78 patients (age 66  8 years; 71 men) underwent CMR imaging including left
ventricular function, ﬁrst-pass adenosine stress perfusion (adenosine 140 g/min/kg) using 0.05
mmol/kg body weight gadolinium-diethylenetriaminepenta-acetic acid and an additional 0.15 mmol/kg
for LGE 1 day before invasive coronary angiography. Images were analyzed visually using the speed of
contrast wash-in and maximal signal intensity. Transmural LGE defects of the size of a vessel or graft
territory deﬁned by angiography were considered true negatives, even when supplied by a stenosed/
occluded vessel/graft. Stenoses 50% in grafts and grafted or ungrafted native vessels (diameter
2 mm) in invasive angiography were considered signiﬁcant.
R E S U L T S The prevalence of patients with signiﬁcant stenosis was 63% (69% functionally 1-vessel,
28% 2-vessel, and 3% 3-vessel disease). Sensitivity and speciﬁcity were 77% and 90%, respectively, on a
patient basis, and 71% and 89% on a vessel territory basis. Sensitivity, if only areas supplied by grafts
(n  196) were evaluated, was 78% and speciﬁcity was 94%, compared with territories supplied by
ungrafted native vessels (n 51) with sensitivity and speciﬁcity of 63% and 91%, respectively. Sensitivity
and speciﬁcity for the 53 areas with prior infarction were 88% and 79%, respectively.
CONC L U S I O N S For patients after surgical revascularization, the combination of stress perfusion
and LGE yields good diagnostic accuracy for the detection and localization of signiﬁcant stenoses.
However, sensitivity is reduced compared with published data in patients without CABG. Prior
myocardial infarction can be examined without loss of accuracy. (J Am Coll Cardiol Img 2009;2:437–45)
© 2009 by the American College of Cardiology Foundation
From the *German Heart Institute, Berlin, Germany; †Kings College, London, United Kingdom; and ‡Philips Medical
Systems, Hamburg, Germany. The study was supported by the Stiftung Deutsches Herzzentrum Berlin, Germany. Dr.
Schnackenburg is an employee of Philips Medical Systems, Germany.Manuscript received June 27, 2008; revised manuscript received December 2, 2008, accepted December 5, 2008.
C
f
t
t
s
d
s
s
I
c
c
h
g
u
e
e
p
f
i
c
a
s
p
o
a
a
e
m
p
p
C
c
t
t
n
l
a
p
f
M
T
B
C
i
c
a
a
t
i
t
e
w
a
n
T
t
i
C
p
i
c
Diagonal  diagonal bran
A
A
C
g
C
C
r
L
L
L
e
L
a
R
S
precession
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 4 , 2 0 0 9
A P R I L 2 0 0 9 : 4 3 7 – 4 5
Klein et al.
CMR Adenosine Perfusion in Patients After CABG
438ardiac magnetic resonance (CMR) imag-
ing has emerged as an accurate diagnostic
tool for the detection and characterization
of coronary artery disease (CAD). It offers
unctional studies for the detection of ischemia and
issue characterization for the detection and quan-
ification of myocardial infarction. Several trials,
ingle and multicenter, have demonstrated a high
iagnostic accuracy of first-pass adenosine perfu-
ion (1–6) with potential advantages (e.g., higher
patial resolution) compared with nuclear imaging.
See page 446
nfarct imaging has proven to be highly accurate
ompared with histology (7) and more sensitive
ompared with nuclear imaging (8,9). All studies,
owever, have excluded patients after surgical re-
vascularization. As myocardial blood flow
is more complex after coronary artery by-
pass graft surgery (CABG) and first-pass
kinetic of a contrast bolus may be altered
owing to the different distances through
native vessels and bypasses to the myocar-
dial territories, diagnostic accuracy of
CMR imaging adenosine stress perfusion
may be reduced. Additionally, after CABG
patients have a higher rate of myocardial
infarction, which may complicate analysis,
as perfusion defects may be larger than the
infarct and therefore stress induced (par-
tially reversible defect) or of equal size and
not stress induced (fixed defect).
When evaluating patients after surgical
revascularization, the American College of
Cardiology/American Heart Association
uidelines recommend exercise stress with imaging
sing radionuclide myocardial perfusion imaging or
chocardiography for patients who are able to ex-
rcise, and vasodilator (e.g., adenosine) myocardial
erfusion imaging or dobutamine echocardiography
or patients who cannot, as the sensitivity to identify
schemia is significantly lower with exercise electro-
ardiography testing alone compared with imaging
f Grafts and Graft Stenosis/Occlusion
LIMA–LAD LIMA–Diagonal VG–LAD
53 2 11
5 0 3
58 2 14
9% 0% 21%
ass
se
ing
rych; LAD  left anterior descending artery; LIMA  left internal mammary artery; Marfter revascularization (10,11). Pharmacological
tress is favored in many centers, because many
atients are unable to exercise to an adequate level
wing to advanced age, peripheral vascular disease,
rthritis, morbid obesity, or other comorbidities. In
ddition to reducing the incidence of symptoms and
lectrocardiographic changes, submaximal exercise
ay reduce the diagnostic accuracy of exercise
erfusion imaging, leading to potentially inappro-
riate risk stratification (12,13). Exercise in the
MR scanner is not feasible. Therefore, pharma-
ological stress needs to be applied for CMR stress
esting. The aim of the present study was to assess
he feasibility and accuracy of a combined exami-
ation of adenosine first-pass stress perfusion with
ate gadolinium enhancement (LGE) for the overall
nd regional diagnosis of significant stenosis in
atients after CABG who were clinically scheduled
or invasive coronary angiography.
E T H O D S
he study was approved by the Institutional Review
oard of the Charité, Berlin, Germany. After
ABG, 85 patients who were admitted to our
nstitution for invasive coronary angiography be-
ause of suspected progression of chronic stable
ngina were prospectively included in the study
fter giving informed consent. Patients with con-
raindications for CMR imaging, atrial fibrillation,
nstable angina, greater than first-degree atrioven-
ricular block, or obstructive lung disease were
xcluded from the study.
Mean time between surgery and CMR imaging
as 8  1 years (range 1 to 21 years). In 5 patients,
second bypass surgery had been performed. The
umber of grafts and their location are given in
able 1. Of all patients, 38 (48%) had an interven-
ion after CABG (20 in a native coronary artery, 6
n a bypass graft, and 12 in both).
MR imaging. All patients were examined in supine
osition using a 1.5-T scanner (Intera, Philips Med-
cal Systems, Best, the Netherlands). A 5-element
ardiac synergy coil was used for signal detection. A
–Diagonal VG–Marginal VG–RCA All
10 36 42 154
4 21 8 41
14 57 50 195
29% 37% 16% 24%Table 1. Frequency o
VG
Normal
Stenosed/occluded
Total
PrevalenceB B R E V I A T I O N S
N D A C R O N YM S
ABG coronary artery byp
raft surgery
AD coronary artery disea
MR cardiac magnetic
esonance
AD left anterior descend
CX left circumflex
GE late gadolinium
nhancement
IMA left internal mamma
rtery
CA right coronary artery
SFP steady-state freeginal  marginal branch; RCA  right coronary artery; VG  venous graft.
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439apid gradient echo sequence allowed for localiza-
ion of the heart in the 3 standard planes. The study
rotocol is shown in Figure 1. For analysis of
unction, the left ventricle was imaged in 3 short-
xis views (apical, medial, basal) and 3 long-axis
iews (4-, 2-, and 3-chamber) using a standard
teady-state free precession (SSFP) technique.
irst-pass stress perfusion (SSFP, TE/TR/flip an-
le 2.7/1.4/50°, spatial resolution 2.8  2.9  8.0
m3, acquisition time 144 ms, 1 saturation pre-
ulse per slice, pre-pulse delay 100 ms, 3 slices per
eart beat) was begun after 3 to 4 min of intrave-
ous adenosine infusion (140 g/min/kg body
eight) and a peripheral contrast bolus of 0.05
mol/kg body weight (Magnevist, Schering, Berlin,
ermany). The left ventricle was imaged in short-axis
iews and the standard long-axis views 10 min after
n additional contrast bolus (0.15 mmol/kg) using
n inversion recovery 3-dimensional turbo gradient
cho technique (TE/TR/flip angle 2.3/4.8/15°, spa-
ial resolution 1.4  1.4  8.0 mm3, acquisition
ime 170 ms, pre-pulse delay 225 to 300 ms).
mage analysis. All CMR images were evaluated
isually on the commercially available ViewForum
Philips Medical Systems) using the standard 16-
egment model (14) by agreement of 2 observers
ully blinded to the results of the invasive coronary
ngiography. Left ventricular ejection fraction was
alculated from the 4- and 2-chamber views (15).
o determine if a defect is stress induced, the
erfusion images were compared side by side with
he LGE images. The presence and transmural
xtent of a perfusion defect was determined from
he dynamic images at the time of myocardial
nhancement showing the maximum extent of re-
ional hypoenhancement. Ischemia was defined as
Adenosine (140µg/kg/m
4-5min
0.05mmol/kg
Gd-DTPA
0.
survey Cine stress PE
Figure 1. Study Protocol
Survey: Transversal, sagital, and coronal view for the localization of
function. Stress perfusion: First-pass perfusion (PERF) in 3 short-axis
enhancement): Inversion recovery technique 10 min after an additio
(Gd-DTPA [total amount of 0.2 mmol/kg body weight]).ny regional stress-induced hypoenhancement in whe absence of LGE, hypoenhancement larger than
GE, if present (partially reversible defect), whereas a
efect of the same size as LGE (transmural or
ubendocardial) was considered nonischemic (fixed
efect). Segments with a transmural infarct sup-
lied by a stenosed or occluded graft/vessel will not
how ischemia in a noninvasive test (fixed defect)
nd will therefore be classified as false negative. To
vercome this problem, the analysis was carried out
y classifying these segments as true negative, but
nly if the area of transmural infarction matched
he area supplied by the vessel/graft as defined by
ngiography retrospectively.
All selective coronary X-ray angiographies were
erformed within 24 h after CMR examination.
wo experienced interventional cardiologists
linded to the results of the CMR imaging exam-
nations visually evaluated the angiograms. A
athological finding was defined as a bypass, an
nbypassed coronary artery, or a bypassed coronary
rtery with a distal stenosis of 50% luminal
iameter narrowing. Native vessels smaller than 2
m in diameter were excluded from the analysis.
he perfusion area of the 3 major coronary arteries
an be assigned to certain standardized myocardial
egments (14). However, there is tremendous vari-
bility in the coronary artery blood supply to myo-
ardial segments. Therefore, to calculate diagnostic
erformance for the evaluation of bypass grafts and
essel territories, the 2 cardiologists tried to opti-
ally assign perfusion territories of grafts and
essels to the 16-segment model, which was then
ompared with the CMR model. A grafted vessel
erritory with a stenosis in a nongrafted vessel (e.g.,
atent graft to a marginal branch not supplying the
est of the left circumflex artery [LCX] territory)
mol/kg
DTPA
break (app 10 min) LGE
heart. Cine: Three short-axis and 3 long-axis views for cardiac
s 3 to 4 min after the start of adenosine. LGE (late gadolinium
bolus of gadolinium-diethylenetriaminepenta-acetic acidin)
15m
Gd-
RF
the
view
nalas considered pathological on a patient and vessel
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440erritory basis, and a patent graft with a distal
tenosis in the grafted vessel on a patient and bypass
asis. A graft supplying a native vessel without
ignificant stenosis was not included in the graft
nalysis. A graft was considered occluded if a stump
as clearly demonstrated in the aortic root or if the
raft was not visualized after contrast aortography.
ollateral flow to a stenosed/occluded vessel terri-
ory was identified. The number and target vessels
f grafts placed during the operation were obtained
rom the operative reports. Final analysis was per-
ormed on patients, vessel, and graft territories.
tatistics. Statistical analysis was performed using
PSS 15.0 for Windows (SPSS Inc., Chicago,
llinois). For all continuous parameters, mean 
D are given. For comparison between groups, a
onparametric test (Wilcoxon) was used. Values of
 0.05 were considered significant. Sensitivity
nd specificity, including the confidence intervals,
ere calculated according to standard definitions.
E S U L T S
etween June 2006 and September 2007, 85 con-
ecutive patients were enrolled in the study. The
tudy protocol could not be finished in 2 patients
ecause of severe dyspnea, in 1 patient because of
hird-degree atrioventricular block during adeno-
ine stress, and in 2 patients because of claustro-
hobic reaction; 1 patient withdrew consent. Anal-
sis could not be performed in 1 (1.3%) patient
wing to heavy breathing during myocardial first
acteristics
Entire Group
(n  78)
Signiﬁcant St
(n  54
70/8 52/2
66 8 (44–81) 65 8 (44–7
85 13 (55–120) 86 13 (62–
2 28.6 3.9 (21.3–37.6) 28.8 3.9 (21.
39 (50%) 33 (61%
22 (28%) 9 (17%
38 (49%) 27 (50%
26 (33%) 16 (30%
67 (86%) 49 (91%
32 (41%) 23 (43%
75 (96%) 52 (96%
42 (54%) 29 (54%
51 12 (16–71) 49 11 (16–
49 (63%) 40 (74%
LGE  late gadolinium enhancement; LV  left ventricular; NS  not signiﬁcanass, resulting in a final study cohort of 78 patients. tThe patients’ characteristics are shown in Table
. Prevalence of at least 1 stenosis per patient was
9% (54 of 78). Post-CABG functional single-
essel stenosis was present in 37 (69%) patients,
-vessel stenosis in 15 (28%), and 3-vessel stenosis
n 2 (3%). Seven patients with 1-vessel stenosis
ulfilled the criteria of transmural LGE of the size
f the perfusion area of the stenosed vessel/graft,
esulting in 47 patients (60%) with possible detectable
schemia. During adenosine first-pass stress perfusion,
eart rate increased significantly (p  0.001) from
5  9 beats/min (44 to 100 beats/min) to 77  10
eats/min (50 to 108 beats/min), blood pressure from
25 20 mm Hg and 70 10 mm Hg to 125 20
m Hg and 67  11 mm Hg (p  0.05).
Overall vessel- and graft-specific diagnostic perfor-
ance is shown in Table 3. Forty-nine patients (63%)
ad LGE: nontransmural or only partial transmural
GE in 53 coronary territories, with 19 fixed and 34
artially reversible defects. Sensitivity and specificity of
hese areas with LGE to detect significant stenosis
as 88% (30 of 34) and 79% (15 of 19), respectively.
f the 17 patients with functional multivessel steno-
is, 13 (76%) had a multivessel perfusion defect. In all
false positive cases, ischemia was detected in the
eptum only with an intact left internal mammary
rtery (LIMA) graft to the distal left anterior descend-
ng artery (LAD), with significant stenosis in the
roximal and middle LAD, possibly leaving parts of
he septum incompletely revascularized (Fig. 2). A
erfusion defect in the septum with intact graft to the
AD was present in another 5 patients who, however,
ad a true positive perfusion defect in another terri-
sis No Signiﬁcant Stenosis
(n  24) p Value
18/6  0.0001
67 9 (54–81) NS
84 14 (55–116) NS
.6) 28.4 3.6 (21.8–36.3) NS
6 (25%) 0.004
13 (54%) 0.001
11 (46%) NS
10 (42%) NS
18 (75%) NS
9 (38%) NS
23 (96%) NS
13 (54%) NS
55 12 (26–71) 0.01
9 (38%) 0.002Table 2. Patient Char
eno
)
Male/female
Age, yrs 9)
Weight, kg 120)
Body mass index, kg/m 3–37
Typical angina )
Atypical angina )
Dyspnea on exertion )
Diabetes mellitus )
Hypertension )
Smoker )
Hypercholesterolemia )
Pathological ECG )
LV ejection fraction, % 65)
LGE )ory. Two patients with significant stenoses in the
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441enous graft supplying the LAD had an adenosine-
nduced septal perfusion defect only. One, however,
ad transmural LGE in the apical anterior segment.
f the 11 false negative results, 3 were in the native
CX territory with patent grafts to a stenosed/
ccluded marginal branch, 1 was in the native right
oronary artery (RCA), 1 was in the native LAD, 1
as in a venous graft on the RCA, 4 were on the
CX, and 1 was in a functionally occluded LIMA
raft. Clinically, 4 patients had typical angina, 3 had
typical angina, and 4 had progressive dyspnea. The
Figure 2. False Positive Result
Example of a patient with a perfusion defect in the basal (A, botto
(B). Angiographically, there is a venous graft (jump) on a marginal
artery (F) and the left internal mammary artery graft (D). The right
occluded (C) after the junction of the ﬁrst diagonal branch with a h
Table 3. Diagnostic Accuracy on a Patient, Vessel Territory, and
Sensitivity
(95% CI)
Patients 77 (61–87) [3
Vessel territory, total 71 (60–83) [4
LAD 70 (42–98) [7
LCX 65 (45–80) [2
RCA 82 (66–98) [1
Vessel territory (excluding those
supplied by bypasses)
63 (41–80) [1
Bypass territory, total 78 (62–89) [3
LAD 67 (35–89) [8
LCX 81 (57–94) [1
RCA 88 (47–99) [7
CI  conﬁdence interval; LAD  left anterior descending artery territory; LCX this defect to be real rather than an artifact, although it was graded asresence of angiographically detectable collateral flow
id not influence diagnostic accuracy because, in the
rue positive cases, there was equal distribution of
resent and absent collaterals. In most of the false
egative cases, no collaterals were detected (Table 4).
I S C U S S I O N
he present study demonstrates the feasibility of
he combination of CMR adenosine perfusion and
GE for the assessment of patients after CABG.
nd medial (A, middle) septum. No enhancement was detected
ch and the posterior intraventricular branch of the right coronary
nary artery is occluded (E). The left anterior descending artery is
-grade proximal stenosis (white arrow). Therefore, we considered
pass Basis
Speciﬁcity (%)
(95% CI) [n]
7] 90 (73–98) [28/31]
3] 89 (85–94) [153/171]
] 88 (81–96) [60/68]
1] 96 (84–99) [45/47]
2] 91 (84–99) [51/56]
4] 91% (77–97) [39/43]
1] 94 (88–97) [144/154]
] 92 (83–97) [70/76]
1] 97 (84–100) [35/36]
93 (79–98) [39/42]
t circumﬂex artery territory; RCA  right coronary artery territory.m) a
bran
coro
ighBy
(%)
[n]
Accuracy (%)
(95% CI) [n]
6/4 82 (74–91) [64/78]
5/6 85 (80–89) [198/234]
/10 86 (78–94) [67/78]
0/3 83 (75–92) [65/78]
8/2 88 (81–96) [69/78]
5/2 81 (71–90) [54/67]
2/4 90 (86–94) [176/195]
/12 89 (82–95) [78/88]
7/2 91 (84–99) [52/57]
/8] 92 (84–100) [46/50]false positive.
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442CABG is a common procedure for the treatment
f significant CAD. Long-term graft patency and
rogression of CAD are the major factors limiting
he initial clinical benefits of revascularization and
atient survival. Although cardiac catheterization
emains the reference standard for graft patency, it
ontains some risk, includes exposure to radiation,
nd is expensive. In addition, chest pain after bypass
urgery may be atypical and/or not related to
yocardial ischemia in many patients. As exercise
lectrocardiography has limitations (e.g., previous
yocardial infarction and/or functional 1-vessel
isease), stress imaging tests are preferred for this
ubgroup (10). Sixty-nine percent of our patients
ith significant lesions had functional 1-vessel dis-
ase, and 63% had a previous myocardial infarction,
herefore representing a typical patient population
or whom exercise electrocardiography is of limited
Figure 3. True Positive Result
Example of a patient with a perfusion defect in the lateral wall from
however, its extent is smaller than the perfusion defect. Therefore,
there is an occluded left main artery (C), an intact left internal mam
onary artery is without signiﬁcant stenosis (E). The stented venous
Table 4. Inﬂuence of Angiographically Detected Collateral
Flow on Diagnostic Accuracy
Results No Collateral Flow Collateral Flow
True negative 27 1
True positive 17 19
False negative 9 2
False positive 3 0lateral area probable.se. Additionally, care was taken to include the
atients prospectively without exclusion of unfavor-
ble patients such as those with high body mass
ndexes or diabetes mellitus (Table 1).
Adenosine stress perfusion allows the assessment
f patients with suspected or known CAD (1–5,16)
ith potential advantages compared with SPECT
17). However, to the best of our knowledge, no
ublished report exists evaluating this technique in
atients with previous bypass surgery. In this study,
e report our experience with a cohort of 78
atients studied late (average 8  1 year) after
ABG. The results of this study demonstrate that
denosine first-pass stress perfusion in combination
ith LGE is a reasonably accurate method for the
verall and regional diagnosis of graft stenosis or
rogression of obstruction in native coronary arter-
es. Localization of stenosis was identified with
oderate sensitivity and high specificity, irrespec-
ive of whether the region is supplied by a graft or
ative vessels. Additionally, angiographic presence
f collaterals to a stenosed or occluded graft/vessel
id not influence diagnostic accuracy. The presence
f multivessel stenosis was identified in 76% on the
asis of perfusion defects in 1 vascular region.
one of the patients with false negative results had
unctional multivessel stenosis.
sal to apical (A). There is also late gadolinium enhancement (B);
as classiﬁed as ischemia (partially reversible). Angiographically,
ry artery graft on left anterior descending artery (D). The right cor-
t on a marginal branch is occluded (F), making ischemia in theba
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443Importantly, CMR imaging can identify regions
ith transmural infarction (7–9) in which assess-
ent of ischemia is impossible due to reduced flow
eserve irrespective of a stenotic epicardial vessel
18). Therefore, 7 patients with a fixed transmural
efect involving the whole vessel territory supplied
y vessel/graft with significant stenosis were classi-
ed as true negative, as reperfusion of a transmural
nfarct is of no beneficial effect (19,20). Two of
hese 7 patients, however, had typical angina. Thus,
t is possible that small, but symptomatic peri-
nfarct ischemia occurs, which, however, even with
he spatial resolution of CMR remains undetected.
iagnostic accuracy of segments with myocardial
nfarction smaller than the area supplied by the
essel/graft that had a partially reversible or fixed
erfusion defect was good, indicating that adeno-
ine perfusion CMR is a good modality for the
ssessment of patients with prior myocardial infarc-
ion (Fig. 3).
In patients with suspected CAD, the addition of
GE was reported to increase sensitivity (3). This
pproach cannot be applied to patients with known
AD, as the issue of ischemia needs to be ad-
ressed. Our results (sensitivity 77%, specificity
Figure 4. False Negative Result
Example of a patient with a small subendocardial perfusion defect
enhancement present at the same location of similar size (B). There
there is an occluded medial left anterior descending artery (C) with
artery is occluded (not shown) with an intact venous graft (E). Ther
(C, black arrow), with an occluded venous graft on the second mar
inferolateral ischemia, although small, is not demonstrated in the p
there were no collaterals to the marginal territory.0%) are comparable to those of published CMR wata with sensitivities of 84% to 93% and specific-
ties of 58% to 85% (1–4,16). However, when
ompared with patients who have suspected CAD
sing the same imaging technique in our institu-
ion, sensitivity is reduced (21). Possible reasons
ay be the higher prevalence of single-vessel dis-
ase, partially involving only a side branch of a
ajor coronary artery and the difficulty of assessing
unctional relevant bypass stenoses by angiography
see Study limitations). Additionally, 64% of false
egative results were located in the LCX territory
Fig. 4), a finding also reported by other groups (22).
Interestingly, our data yielded a good specificity,
lthough several points may have led to an increasing
umber of false positive results. First, the passage of
he contrast agent through the bypass grafts (especially
he LIMA graft) has to travel a longer distance to the
yocardium compared with the native coronaries.
owever, a visual significantly delayed regional con-
rast arrival was not observed. Second, Klem et al. (3)
emonstrated an increased specificity by using rest
erfusion to potentially detect artifacts that would
ave otherwise been mistaken for a perfusion defect.
e did not perform rest perfusion, offering a short
tudy protocol to this potentially ill patient population
e apical lateral segment (A). There is, however, late gadolinium
, it was classiﬁed nonischemic (ﬁxed defect). Angiographically
intact left internal mammary artery graft (D). The right coronary
e signiﬁcant stenoses of the ﬁrst and second marginal branch
l branch (C, white arrow, and F). The probable medial and basal
sion images and was classiﬁed as false negative. Angiographically,in th
fore
an
e ar
gina
erfuith little time in the scanner. Therefore, we cannot
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444e certain that the addition of a rest perfusion study
ay have increased specificity even further. The fact,
owever, that the false positive defects have a potential
athophysiological basis of septal ischemia due to
nadequate antegrade (proximal LAD) and retrograde
occluded medial LAD despite open LIMA graft)
erfusion makes a real perfusion defect probable. Also,
peculatively, diagnostic accuracy would therefore in-
rease from 82% to 84%.
The investigators of the only adenosine perfusion
tudy using single-positron emission computed to-
ography that evaluated patients late after CABG
23) reported a sensitivity of 96% and a specificity of
1%. The low specificity was partly explained by
ncluding fixed defects in their analysis and by signif-
cant stenosis in unbypassed vessels. Additionally, the
iscrimination between a fixed and partially reversible
efect may be more difficult with the lower spatial
esolution in single-positron emission computed to-
ography (9). A possible explanation for the high
ensitivity compared with our data is their higher
revalence of post-CABG functional multivessel dis-
ase: of the 204 vessel territories, 161 were found to be
athological on the perfusion images.
tudy limitations. We have compared a functional
maging test with the morphology of the coronary
rteries as the gold standard without the addition of
dditional functional assessment. Therefore, some
f the stenoses without a detectable perfusion defect
ay not have functional relevance, especially as
orphological stenosis and coronary blood flow
uring hyperemia does not only depend on the
egree of stenosis, but also on the diameter of the
ypass graft and its relation to the size of the native
ypassed coronary artery (24). These patients are
ow classified as false negative. However, although
ot optimal, the majority of studies assessing non-
nvasive testing have compared their results to
ngiography results. We have included patients
ith prior myocardial infarction, which may com-
licate the diagnosis of ischemia, as transmural
xed defects may be supplied by both intact andMyocardial perfusion imaging using
diovascular magne
the use of delayedot impaired compared with areas without previous
yocardial infarction.
All our patients were scheduled for invasive
oronary angiography, therefore representing a
ighly selected patient population. Thus, our results
ay not be applicable to patients late after CABG
n general, with a possible lower prevalence of
tenoses. Additionally, no prognostic information
an be drawn from our data, as the perfusion results
ere unknown to the interventional cardiologist
nd therefore did not influence patient manage-
ent in the catheterization laboratory. When com-
aring 2 imaging modalities, there is always the
ossibility of anatomical misalignment. A recent
tudy has demonstrated that no segment can be
xclusively attributed to the RCA or LCX occlusion
25). This information, however, can only be drawn
rom the coronary angiogram retrospectively, which
e have performed for individual vessel territories,
ypass grafts, and areas with transmural infarction.
nd finally, 90% of the patients were male; there-
ore, the results cannot necessarily be transferred to
female population.
O N C L U S I O N S
MR adenosine perfusion is feasible in patients
fter operative revascularization. It achieves reason-
ble sensitivity with a high specificity for the detec-
ion of the presence and location of angiographi-
ally significant stenoses, irrespective whether
upplied by a graft or native vessel. In patients with
rior myocardial infarction, diagnostic accuracy is
ot reduced.
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